ABSTRACT : Comminuted sausages with reduced fat (25-0%) and increased moisture (19-44%) combinations were manufactured, and their chemical composition, and physico-chemical, textural and sensory properties were determined for the selection of the most palatable sausage treatment. The moisture and fat contents of the comminuted sausages varied from 55-79% and 26.4-2.14%, respectively, whereas, the protein content was relatively constant at 13.5-14.5%. Expressible moisture (EM, %) decreased with increased fat addition, and the high-fat control sausage (~25% fat) had lower EM than those with lower than 15% fat addition. Increased fat level also increased Hunter L values (lightness) of sausage samples taken from the core, and differences in lightness were observed between 15 and 25% fat level at the initial mixture. Sausages without fat addition had different textural characteristics from high-fat control sausages in most texture profile analysis (TPA) values. However, no differences in TPA values were observed among treatments with added fat (<25%) in the formulation. Results of the sensory evaluation showed that the most appropriate fat content of comminuted sausages to have better sensory properties ranged from 15-20% of added fat at the initial mixture. These results also indicated that decreased fat and increased moisture contents produce sausages with higher EM and lower lightness. Comminuted sausages without fat addition had different textural characteristics from the high-fat control. (Asian-Aust.
INTRODUCTION
In Korea, emulsified sausages, such as frankfurter and bologna, may contain up to 35% fat with lower than 75% moisture in the final products, as regulated by the Korean Food Code (1997) . Fat in the diets serves not only as nutrient in the human body, but also as source of essential fatty acids and essential components of cell membrane (Pearson et al., 1987) . In addition, dietary fat plays an important role in terms of flavor and texture in meats and meat products. However, consumption of too much dietary fat has been reported to increase the risks of coronary heart disease (CHD) and other related diseases of the circulatory system (AHA, 1978) . Previous reports indicated that animal fats, which have high amounts of saturated fatty acids as compared to vegetable oils, should be reduced to prevent consumers from diseases related to fat consumption.
The optimum fat level to have maximum flavor and textural properties in the product should be determined in each type of product. At least 15% of fat should be required for full-fat products to have similar sensory properties (Decker et al., 1986) . Bologna which contains 10% fat requires 24.3% added water (AW) to approximate the sensory firmness of bologna with 30% fat and 10% AW (Claus et al., 1989) . However, too much reduction of fat down to 5-10% in comminuted sausages may result to darker color, variation in textural properties, and decreased juiciness and cooking yield (Keeton, 1994) . To prevent these defects, low-fat comminuted meat products have been reformulated with added fat replacer, which is a food ingredient that emulates the functional and sensory properties of fat without the calories, to reduce the fat content in the formulation. However, Matulis et al. (1995) reported that the combination of 11.25% fat and 1.3% salt was the minimum level required for acceptable sensory attributes in frankfurters with a pH value of 6.0.
Although several studies have evaluated regular-fat or low-fat meat products with or without fat replacers, product characteristics as affected by various fat contents have not been extensively studied. Fat contents might affect the quality of final products in terms of textural and flavor characteristics. Thus, the objectives of this study were to evaluate the physico-chemical, textural and sensory properties of comminuted sausages as affected by reduced fat level (25-0%), and to determine the impact of fat reduction on palatability of sensory characteristics.
MATERIALS AND METHODS

Preparation/processing of comminuted sausages
Fresh pork hams and pork backfats were purchased from a retail meat market in Gwangju, Korea. The procedure for sausage manufacture of Choi and Chin (2003) was followed. Added fat content (%) for sausages was reduced from 25 to 0% with 5% intervals. The formulation of comminuted sausages and composition of non-meat ingredients are presented in Tables 1 and 2 . After the meat batters have been vacuum-packaged, these were stuffed into cellulose casing (26 mm diameter, Yujin Industry Co. GunPo, Korea), smoked, and cooked at an internal temperature of 71.7°C in a smoke chamber (Nu-Vu Food System, ES-13, USA), showered with cold water, and stored in the refrigerator.
Chemical composition and physico-chemical properties
The pH value of the homogenized sausages was measured by using a digital pH meter (Mettler-Toledo, Model 340, Schwarzenbach, Switzerland), and the measurement was randomly repeated five times. Chemical compositions such as moisture, fat and protein contents (%) were determined by the AOAC (1995) method. Water holding capacity (WHC) was determined by the centrifugal method of Jauregui et al. (1981) . Approximately 1.5 g of each sausage sample was wrapped with filter paper (Whatman #3) and centrifuged at 3,000 rpm for 20 min. Expressible moisture (EM, %) was calculated as the differences between the total sample and filter paper weight containing the moisture released from the sample during centrifugation. Hunter L, a and b values were measured using a Color Reader (CR-10, Minolta Co., Ltd, Japan). Sausage samples were taken from both core and surface.
Texture profile analysis (TPA)
Texture profile analysis (TPA) of sausage samples cut into cylinder (1.3 cm thick, 1 cm diameter) was performed with the use of a texture meter (TA-XT2, stable micro system, Hasemers, England), which was set to compress sample weight to 75% through a two-cycle compression described by Bourne (1978) . The sausage samples laid on a flat plate equipped with 5 kg load cell were measured at a rate of 120 mm/min and the following textural properties were determined: fracturability, hardness, gumminess, springiness, chewiness and cohesiveness.
Sensory evaluation
Sensory evaluation was performed in duplicate and by a seven-member panel at the Meat Science Laboratory, Chonnam National University, Gwangju, Korea. Panelists were provided with sausage samples marked with an 8 point hedonic scale (1=most like; 8=most dislike) for flavor, texture, juiciness, color, saltiness, and overall acceptability.
Statistical analyses
The experiment was performed in triplicate and the data were analyzed through a one-way analysis of variance (ANOVA) using the general linear model (GLM) procedure of the Statistical Analysis System (SAS, 1989). Dunnett's procedure was used to compare the high-fat control (~25% fat) with the mean of each individual treatment in each parameter. If significant treatment effects were observed at p<0.05 level in each parameter tested, Student-Newman- Kuels procedure was performed to compare among treatments.
RESULTS AND DISCUSSION
pH, proximate analysis, cooking loss and expressible moisture (%)
The pH values of the high-fat control and the other treatments were 6.16 and 6.11-6.22, respectively, but no significant differences in pH values were observed among all treatments (Table 3) . Since moisture content tended to increase from 55.1 to 78.3%, as affected by each 5% reduction of added fat, the total moisture plus fat content added was 44%. Fat content also varied from 2 to 26% and tended to be slightly higher than what was added in the initial mixture due to the cooking loss (CL, %). In the USA, there exists a "40% rule", in which the amount of fat and added water in processed meats should not exceed 40% (USDA, 1988) . This rule suggests that reduced fat is accompanied by increases in moisture content. Thus, the moisture and fat contents differed between the high-fat control and the treatments. However, no differences in protein content were observed between the treatments and the high-fat control. These results indicated that the sausage products had varied moisture and fat contents, but had the same protein content. Although the CLs of the treatments and the control in a smoke chamber were not different due to high variation, expressible moisture (EM, %) for the determination of water holding capacity tended to decrease with increased fat content. Jimenez Colmenero et al. (1996) reported that decreased fat content of about 17% increased the CL. Gregg et al. (1993) also reported that reduced fat and increased moisture content (fat/added water: 30/10 to 10/30%) reduced CL. In this study, however, the values for CL increased with reduced fat and increased moisture contents, but not significantly different at p>0.05 due to high standard deviation among replications. In Dunnett's-T test, the high-fat control did not have similar EM values when the fat was less than 10% of added fat at the initial mixture.
Hunter color values (L, a, b)
Hunter color values of comminuted sausages either from the core or the surface are listed in Table 4 . Since the control had higher fat content (~26%), the core color was higher in lightness (L) values than those of the treatments containing lower than 10% fat in the Dunnett's T-test. However, lightness values in the surface area were not significantly different (p>0.05). These results indicated that lightness values of the sausage samples were highly affected by fat levels, resulting in lighter color with increased fat level. Claus et al. (1989) reported that the redness values increased and the yellowness values decreased with reduced fat and increased added water, and suggested that fat is the most significant regression variable in predicting the reflection ratio and Hunter L values. Redness (a) and yellowness (b) values were not different (p<0.05) among treatments. This was partially due to the fixed lean contents (55%), even though sausages had varied fat contents. Hand et al. (1987) also observed that when fat content was reduced, "L" and "b" values decreased while "a" values increased. Results of this study showed similar trends with those of previous studies. However, redness and yellowness values were not different (p>0.05) among various fat contents.
Textural profile analysis (TPA)
Although hardness values were not different (p>0.05) among the treatments and the control, decreased fat with increased moisture content tended to decrease TPA values. Sausages without added fat (no-fat sausages) had different TPA values as compared with the high-fat control in the final products. These results indicated that sausages without added fat (<3%) were not similar in textural characteristics with high-fat control. Fat replacers are ingredients that contribute a minimum of calories to formulated meats and do not dramatically alter flavor, juiciness, mouth-feel, viscosity, or other organoleptic and processing properties (Keeton, 1994) . Thus, fat replacer should be added to lowfat meat product to have similar textural characteristics as those of high-fat control. Chin and Lee (2002) reported that the multiple addition of konjac flour, carrageenan, and soy protein isolate at the ratio of 1:1:3 in low-fat meat products resulted to textural characteristics similar to those of regular-fat (19.4%) counterpart. Increases in water content with the same fat level decreased fracturability and hardness, while increases in fat with added water increased cohesiveness in all treatments except for few cases (Claus et al., 1989) . Chin and Chung (2003) reported that the addition of microbial transglutaminase to low-fat sausages and restructured meat products improved the textural characteristics and binding capacity without adverse effects.
Sensory evaluation
Sensory evaluation results also revealed that the most appropriate fat content to have better sensory properties was between 15 and 20% of added fat (%) at the initial mixture (Figure 1) . The regular-fat sausages containing 11.25% fat and 1.33 salt were observed to be the most palatable among all treatments tested (Matulis et al., 1995) . Ahmed et al. (1990) reported that sensory panel rating was affected by fat and added water content, and that replacement of fat with higher amounts of added water resulted in similar sensory characteristics with those of pork sausages. Chang and Carpenter (1997) reported that the optimizing combination of fat, oat bean, and added water was 15%, <2%, and 20%, respectively.
CONCLUSIONS
This study was conducted to evaluate the effect of various fat and moisture combinations at the initial mixture of comminuted sausages on the physico-chemical, textural and sensory characteristics of the final products. The moisture and fat contents of comminuted sausages varied from 55-78% and 26.4-2.16%, respectively, whereas, the protein content ranged from 13.5 to 14.5%. Although cooking losses (CLs) of comminuted sausages were not different among treatments, water holding capacity (WHC) was lower with reduced fat and increased moisture content. Increased lightness values of sausages were observed with increased fat content, regardless of moisture content. Sausages without added fat had higher TPA values, resulting in different textural characteristics as compared with those of high-fat control. Sensory evaluation results indicated that the most appropriate fat content (%) to have better sensory properties was between 15-20%. Further research will be performed to analyze the flavor compounds of these sausages as affected by various fat contents. : lower values toward the "most like", whereas higher value "most dislike").
